J 



® 



Europaisches Patentamt 
European Patent Office 
Office europeen des brevets 



iiiuiiiwiiiiiffliiiiiiii 

© Publication number: 0 479 375 A1 



© 



© Application number: 91202494.0 
© Date of filing: 26.09.91 



EUROPEAN PATENT APPLICATION 

© int. CIA C23C 16/44 



© Priority: 05.10.90 NL 9002164 


© Applicant: N.V. Philips' Gloeilampenfabrieken 


@ Date of publication of application: 


Groenewoudseweg 1 


NL-5621 BA Eindhoven(NL) 


08.04.92 Bulletin 92/15 




© Designated Contracting States: 


@ Inventor: Visser, Jan 


C/O INT. OCTROOIBUREAU B.V., Prof. 


DE FR GB NL 


Holstlaan 6 




NL-5656 AA Eindhoven(NL) 




© Representative: Veerman, Jan Willem et al 




INTERNATIONAAL OCTROOIBUREAU B.V. 




Prof. Holstlaan 6 




NL-5656 AA Eindhoven(NL) 



© Method of providing a substrate with a surface layer from a vapour and device for implementing 
such a method. 



© A method of providing a substrate (2) with a 
surface layer from a gas phase with a vapour in a 
reactor chamber (1), which vapour is generated 
through evaporation of a substance (5) in a reservoir 
(4) and is conducted to the reactor chamber (1) 
through a gas line (8) (Chemical Vapour Deposition 
(CVD)). According to the invention, the vapour is 
conducted from the reservoir (4) to the reactor 
chamber (1) in that it is pumped from the reservoir 
(4) to the reactor chamber (1) by a pump (9) in- 
cluded in the gas line. The use of the pump renders 
the method very flexible. Thus the vapour flow can 
be easily adapted through adaptation of a pumping 
rate associated with the pump. In addition, the vap- 
our flow is not dependent on a process pressure 
which prevails in the reactor. (1). 
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The invention relates to a method of providing 
a substrate with a surface layer from a gas phase 
by means of a vapour in a reactor chamber, which 
vapour is generated by evaporation of a substance 
in a reservoir and conducted to the reactor cham- 
ber through a gas line. The invention also relates to 
a device for implementing such a method. 

Such a method is used, for example, for pro- 
viding metal, semiconductor, or ceramic substrates 
with amorphous, polycrystalline, epitaxial, or doped 
semiconductor layers; with dielectric layers; and 
with metal and metallic conductor layers, for which 
liquids, such as tetraethoxysilane (TEOS) or trich- 
lorosilane, as well as solid substances, such as 
boron-containing glasses, may be used as a vapour 
source. More particularly, the method can be used 
in the manufacture of semiconductor devices for 
providing silicon oxide layers on semiconductor 
substrates through deposition from a TEOS vapour. 
Alternatively, the method may be used for doping a 
semiconductor substrate, the surface layer then 
being formed by a top layer of the substrate. The 
substrate is then heated to such a temperature that 
the vapour diffuses into the substrate. 

A method of the kind mentioned in the opening 
paragraph is known from the European Patent Ap- 
plication no. EP-A 0 220 552, according to which 
TEOS vapour is conducted from the reservoir to 
the reactor chamber in that the substance is heated 
to such a level that a vapour is generated in the 
reservoir having a comparatively high pressure and 
in that this vapour is then conducted through a 
resistance in the gas line to the reactor chamber 
which is kept at a constant pressure. 
If the vapour . in front of this resistance has a 
pressure Pj and the pressure in the process cham- 
ber is p p , the following holds for a laminar flow 
through the resistance R: 

R = constant / (ft + p p ) 

A vapour flow Q d then moves to the reactor cham- 
ber for which it holds that: 

Qd = (PrPpXpi + p p ) / constant 
= (Pi 2 -p p 2 ) / constant 

The vapour flow Q d is kept at a desired, defined 
value in that the pressures pi and p p are main- 
tained at desired, defined values. 

In practice, the known method turns out to be 
not very flexible. If one wants to provide layers 
more quickly, for example, processes are taken 
with process pressures p p which are five to ten 
times higher than in the known method. If the same 
vapour flow Q d is to be maintained, the pressure Pi 
must then be raised, because the value of the 
resistance R can only be varied to a limited degree 



because of the type of flow in the gas line and the 
inertia of the vapour. It will also be necessary to 
increase Pi further if the desire is to increase the 
vapour flow Q d which is conducted into the reactor 

5 chamber. In the known method, Pi depends inter 
alia on the temperature of the reservoir. Thus, in 
the known method, Pi is 307 Pa, while a pressure 
of 1067 Pa obtains in the reservoir at a temperature 
of approximately 45° C. If much higher pressures 

10 Pi are to be realised, the temperature of the reser- 
voir must be raised. A drawback is, however, that 
this is practically impossible since the TEOS in the 
reservoir will be dissociated when the reservoir 
temperature exceeds approximately 80° C. 

75 The invention has for its object inter alia to 
realise a flexible method by which r can be low 
and consequently the reservoir temperature can 
also be low, so that no dissociation of the vapour 
takes place. 

20 According to the invention, the method is for 

this purpose characterized in that the vapour is 
conducted from the reservoir to the reactor cham- 
ber by being pumped from the reservoir to the 
reactor chamber by a pump included in the gas 

25 line. If the pump operates with a pumping rate S p , 
. it displaces a vapour flow Q d , given a pressure pi at 
the inlet side, for which is true: 

Qd = Pi x S p 

30 

The vapour flow Q d is independent of the process 
pressure p p prevalent at the outlet side of the 
pump. As a result, it is possible to raise the pro- 
cess pressure P p as required, while nevertheless 

35 the vapour flow Q d remains constant, p, is taken to 
be so low that a low temperature in the reservoir 
will suffice and no dissociation of the vapour will 
take place. If one wants to increase the vapour flow 
Q d , this is possible by adapting the pumping rate 

40 S p . The pumping rate may, for example, be set for 
a defined value in that the pump is run at a certain 
rpm. A flexible process is thus obtained by means 
of the method according to the invention, in which 
changes in the desired values of the process pres- 

45 sure p p and the vapour flow Q d can be easily 
effected. 

The vapour flow Q d can be kept at a defined 
value in that the product of the inlet pressure pi 
and the pumping rate S p is kept at a defined value. 

50 This is possible by controlling the pumping rate S p 
in such a way, the inlet pressure p ; being variable, 
that the product p, x S p remainsat a defined value, 
or conversely by controlling Pi while S p is variable, 
or by keeping both pi and S p constant. It is often 

55 impossible to control the pumping rate' S p , which 
depends on the speed of the pump, with sufficient 
quickness, since the pump has a certain inertia 
owing to its mass. The same inertia, however, 
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means that the pump can be comparatively easily 
kept at a constant pumping rate. Preferably, there- 
fore, the method according to the invention is char- 
acterized in that the vapour is conducted to the 
reactor chamber in a defined flow by being kept at 
a defined pressure in the gas line immediately 
before the pump and in that the pump is operated 
with a constant pumping speed. 

Preferably, the method is characterized in that 
the vapour in the gas line in a location immediately 
before the pump is kept at a defined pressure p ( in 
that the pressure Pi is compared with a desired 
value p g , and subsequently, if p } is greater than p g , 
a valve is closed upstream of the said location in 
the gas line, i.e. it is closed further, and, if p is 
smaller than p g , the valve is opened (further), a 
pressure higher than the defined pressure Pi being 
maintained in the reservoir. In this way the inlet 
pressure of the pump can be kept at a desired 
defined value, while also a simple and quick pro- 
cess switch-over is possible by opening and clos- 
ing of the valve. 

Vapour of a certain pressure is present in the 
gas line. In practice, the gas line is kept at such a 
high pressure that the vapour does not condense, 
so that pressure variations resulting from conden- 
sation do not occur. The gas line between reservoir 
and reactor chamber may have a considerable 
length in practice since the reservoir is not imme- 
diately next to the reactor chamber owing to its 
size and to the fact that it should be possible to 
provide it with new substance from time to time. In 
the method according to the invention, it is possi- 
ble to choose the pressure p, at the inlet side of 
the pump to be lower than the process pressure 
Pp. It is possible then to keep the pressure, and 
thus also the temperature, in the gas line between 
reservoir and pump low. Preferably, the pump is 
positioned so close to the reactor chamber that the 
gas line to be heated is relatively short, since then 
the portion of the gas line which can be kept at a 
relatively low temperature is at its maximum. More- 
over, the vapour flow Q d through the pump is then 
controlled to the required defined value immedi- 
ately in front of the reactor chamber, so that inertia 
effects of vapour in the gas line between pump and 
reactor chamber play a much lesser part, and the 
vapour flow conducted into the reactor chamber is 
more accurately determined. 

Preferably, according to the invention, the 
pump used is a "molecular drag" type pump, also 
called "Holweck" pump. A "molecular drag" type 
pump is compact, so that it can be positioned 
close to the reactor chamber. In addition, this type 
of pump is very suitable for pressures from ap- 
proximately 100 Pa to 10.000 Pa at the pump 
outlet. Such pressures are widely used in deposi- 
tion processes from the vapour phase (Chemical 



Vapour Deposition, CVD). 

The invention further relates to a device for 
providing a substrate with a surface layer, compris- 
ing a reactor chamber for accommodating the sub- 

s strate, a reservoir for accommodating a substance, 
means for generating vapour from the substance, 
and a gas line for conducting the vapour from the 
reservoir to the reactor chamber. According to the 
invention, this device is characterized in that a 

w pump is present in the gas line between the reser- 
voir and the reactor chamber for pumping the vap- 
our from the reservoir to the reactor chamber. With 
such a device, vapour generated through evapora- 
tion of the substance in the reservoir can be con- 

75 ducted in a defined vapour flow through the gas 
line to the reactor chamber as described above. 
The vapour flow is independent of a process pres- 
sure prevailing in the reactor chamber. 

Preferably, the device according to the inven- 

20 tion is provided with means for keeping the vapour 
in the gas line immediately in front of the pump at 
a defined pressure and with equipment for having 
the pump operate with a constant pumping rate. 
The inertia of the mass of the pump entails that the 

25 pump can be kept at a constant pumping rate 
relatively easily. 

A further advantage is obtained when the 
means for keeping the vapour at the defined pres- 
sure comprise a control unit which is connected to 

30 a pressure sensor present in the gas line imme- 
diately in front of the pump, which control unit 
closes a valve in the gas line in front of the 
pressure sensor when the pressure sensor mea- 
sures a pressure higher than a desired value, and 

35 opens the said valve when the pressure sensor 
measures a pressure lower than the desired value. 
The pressure at the inlet side of the pump can be 
kept constant in a simple way with such means. It 
is also possible with the device to switch over to a 

■to different process simply by opening and closing of 
the valve. 

A further advantage is obtained when the pump 
is positioned so close to the reactor chamber that 
the gas line to be heated is comparatively short. 

45 A further advantage is obtained when the pump 

is a "molecular drag" type pump. A "molecular 
drag" type pump is compact, so that it can be 
positioned close to the reactor chamber. Moreover, 
this type of pump is very suitable for pressures 

so from approximately 100 Pa up to 10.000 Pa at the 
pump outlet. Such a pump renders the device 
suitable for many deposition processes from the 
vapour phase (CVD processes). 

The invention will be explained in more detail 

55 below, by way of example, with reference to a 
drawing. In the drawing: 

Fig. 1 shows the device for implementing the 
method according to the invention. 
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The Figure is purely diagrammatical and not 
drawn to scale. 

Fig. 1 diagrammatically shows a device for 
providing a substrate with a surface layer from a 
gas phase by means of a vapour generated 
through evaporation of a substance. The device 
shown is designed for providing a layer of silicon 
oxide on a semiconductor slice from the vapour of 
tetraethoxysilane (TEOS). The device comprises a 
reactor chamber 1 for accommodating the sub- 
strate 2. The reactor chamber 1 is, for example, a 
conventional low-pressure chemical vapour deposi- 
tion reactor chamber. In the example, a number of 
semiconductor slices 2 are arranged in the reactor 
chamber 1 on a support 3, but a reactor chamber 
containing only one semiconductor slice is also 
possible. Furthermore, the device comprises a res- 
ervoir 4 made of, for example, quartz for containing 
a substance 5, in this case TEOS. The reservoir is 
provided with means for generating the vapour, in 
the present example a heater element 6 provided 
with a temperature control unit 16. A vapour having 
a vapour pressure p r is generated in the reservoir 4 
through heating of the substance 5. This pressure 
is measured by a manometer 7, for example a 
conventional capacitance manometer. The tem- 
perature control unit 16 keeps the reservoir at 
approximately 35° C, the pressure p r is then ap- 
proximately 532 Pa. The vapour generated in the 
reservoir 4 is conducted to the reactor chamber 1 
through a gas line 8. The gas line 8 is made of, for 
example, stainless steel having a diameter of 10 
mm and a length of approximately 5 m. According 
to the invention, the vapour is pumped from the 
reservoir 4 to the reactor chamber 1 by a pump 9 
included in the gas line 8. If this pump operates 
with a pumping rate S p , and a pressure p t , mea- 
sured by manometer 10, prevails at its inlet side, 
this pump displaces a vapour flow Q d for which the 
following is true: 

Qd = Pi * S p 



The vapour flow is independent of the process 
pressure p p prevailing at the outlet side of the 
pump and measured by manometer 11. Mano- 
meters 10 and 11 are conventional capacitance 
manometers. The use of the pump 9 renders it 
possible to work with a comparatively low pressure 
Pi'. This is because the pumping rate S p can be 
chosen so as to obtain a desired vapour flow Q d . 
The advantage of a comparatively low Pi is that the 
temperature in the gas line between reservoir 4 
and pump 9 can be kept low without problems 
arising caused by condensation of the vapour at 
room temperature. 

Furthermore, as will become apparent, the use 



of the pump 9 renders a quick and flexible control 
of the vapour flow Q d possible. To ensure that a 
layer of silicon oxide having a well-defined thick- 
ness and composition is formed on the semicon- 

5 ductor slice 2, the vapour is conducted to the 
reactor chamber in a defined vapour flow. This can 
be achieved in that the product 
Pi x S p is kept at a defined value. Preferably, the 
vapour is conducted to the reactor chamber in a 

w defined flow in that it is kept at a defined pressure 
Pi just before the pump and in that the pump is 
operated with a defined pumping rate S p . The 
inertia of the mass of the pump has the effect that 
the pump can be maintained at such a constant 

75 pumping rate S p relatively easily. The vapour flow 
Q d can thus be controlled in a quick and flexible 
manner. 

For this purpose, the device according to the 
invention is provided with means 10, 12 and 13 for 

20 keeping the vapour in the gas line 8 immediately 
before the pump 9 at a defined pressure, and with 
apparatus 17 for having the pump 9 operate at a 
constant pumping rate. The means for keeping the 
vapour at the defined pressure Pi preferably com- 

25 prise a control unit 12 which is connected to the 
pressure sensor 10 present in the gas line 8 imme- 
diately before the pump 9, and which closes a 
valve 13 in the gas line in front of the pressure 
sensor 10 when the pressure sensor 10 measures 

30 a pressure higher than a desired value, and which 
opens the valve 13 when the pressure sensor 10 
measures a pressure lower than the desired value 
Pi, a pressure p r , read by manometer 7 and higher 
than the defined pressure pi, being maintained in 

35 the reservoir 4. The reservoir 4 then acts as an 
excess source of vapour of the substance 5. In this 
way the inlet pressure p, of the pump 9 is kept at a 
defined value. A quick switching on/off of the vap- 
our flow Q d is also possible by opening and closing 

40 of the valve 13. The control unit 12 keeps the inlet 
pressure Pi of the pump 9 at approximately 266 Pa 
by means of the control valve 13. 

The pump 9 preferably is a "molecular drag" 
pump. Such a pump is compact and very suitable 

45 for outlet pressures between approximately 100 Pa 
and 10.000 Pa, which are widely used in deposition 
processes from the vapour phase. The pumping 
rate S p is proportional to the speed of the pump. 
The pump is provided with a speed control unit 1 7, 

so which stabilizes the speed at approximately 30.000 
rpm, corresponding to a pumping rate S p of ap- 
proximately 10 -2 m 3 /s, so that a vapour pressure 
Q<i of approximately 2,66 Pa.m 3 /s is conducted into 
the reactor chamber 1 . 

55 In practice, the gas line 8 between reservoir 4 
and control valve 13 may have a considerable 
length, in the present example approximately 5 m, 
since the reservoir 4 on account of its size and on 
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account of the fact that it should be possible to 
provide it with new substance from time to time is 
not situated immediately next to the pump. In the 
method according to the invention, it is possible to 
choose the pressure at the inlet side of the pump 
to be lower than the process pressure in the reac- 
tor chamber 1. It is possible then to keep the 
pressure, and consequently also the temperature in 
the gas line 8 between reservoir 4 and pump 9, 
low. According to the invention, the pump 9 is 
placed so close to the reactor chamber 1 that the 
gas line to be heated is comparatively short. This 
also means that the vapour flow to the reactor 
chamber 1 is determined immediately before the 
reactor chamber, so that inertia effects of vapour in 
the gas line 8 between pump 9 and reactor cham- 
ber 1 play a much lesser part, and the vapour flow 
is more accurately defined. This portion of the gas 
line 8 between pump 9 and reactor chamber 1 can 
be heated, for example, with resistance heater 14, 
a heater wire wound around the line, for example to 
a temperature of 60 • C. 

At an output of the reactor chamber 1 there is 
a vacuum pump 1 5, for example a Roots pump, in 
order to maintain the pressure p p of 1333 Pa re- 
quired for the process. A temperature of 650° C 
prevails in the reactor chamber 1. 

In this embodiment, one micrometer of silicon 
oxide per minute is deposited on the semiconduc- 
tor substrates 2 then. 

The invention is not limited to the embodiment 
given above, but many variations are possible with- 
in the scope of the invention. The invention is 
suitable for, for example, the application of amor- 
phous, polycrystalline, epitaxial or doped semicon- 
ductor layers; of dielectric and of metal or metallic 
layers on substrates made of metal, semiconductor 
material, or ceramic material. Both liquids and solid 
substances may be used as vapour sources. A 
typical example of a liquid is the use of com- 
pounds having silicon components such as trich- 
lorosilane and silicon tetrachloride, which are liquid 
at normal temperatures, as sources for providing 
silicon layers. A typical example of a solid sub- 
stance is the use of various boron-containing sub- 
stances such as boron glasses or ceramics as 
sources of boron for doping semiconductor slices 
or layers. 

A layer having special characteristics can be 
applied when the substance 5 in the reservoir con- 
sists of a mixture of substances. For example, 
mixtures of tetraethoxysilane (TEOS), triethyl- 
phosphide (TEP), triethylarsenide (TEA) or 
trimethylborate (TMB) may be used, whereby sili- 
con oxide layers may be provided with phospho- 
rus, arsenic, or boron, respectively. Such layers 
may serve, for example, as sources for the diffu- 
sion of semiconductor dopants. 



It is also possible to add to the vapour from the 
reservoir 4 a gas consisting of a vapour or a 
mixture of vapours, which influence the characteris- 
tics of the layer on the surface. The composition of 

5 the added gases may then be varied during the 
provision of layers, as required. For example, vap- 
ours of substances mentioned above such as tri- 
ethyl phosphide (TEP), triethyl arsenide (TEA) or 
trimethyl borate (TMB) may be added. 

w The quantity of vapour can be influenced in a 

simple manner through the addition of an inert 
forming gas, i.e. a forming gas which does not 
influence the reaction in the reactor chamber. He- 
lium or a mixture of rare gases comprising helium 

js may be used as a forming gas. 

Claims 

1. A method of providing a substrate with a sur- 
20 face layer from a gas phase by means of a 

vapour in a reactor chamber, which vapour is 
generated by evaporation of a substance in a 
reservoir and conducted to the reactor cham- 
ber through a gas line, characterized in that 
25 the vapour is conducted from the reservoir to 

the reactor chamber by being pumped from 
the reservoir to the reactor chamber by a 
pump included in the gas line. 

30 2. A method as claimed in Claim 1, characterized 
in that the vapour is conducted to the reactor 
chamber in a defined flow by being kept at a 
defined pressure in the gas line immediately 
before the pump and in that the pump is 

35 operated with a constant pumping speed. 

3. A method as claimed in Claim 2, characterized 
in that the vapour in the gas line in a location 
immediately before the pump is kept at a 

40 defined pressure p, in that the pressure p* is 

compared with a desired value p g , and subse- 
quently, if pi is greater than p g , a valve is 
closed upstream of the said location in the gas 
line, i.e. it is closed further, and, if Pi is smaller 

45 than p g , the valve is opened (further), a pres- 

sure higher than the defined pressure pi being 
maintained in the reservoir. 

4. A method as claimed in any one of the preced- 
50 ing Claims, characterized in that the pump is 

positioned so close to the reactor chamber that 
the gas line to be heated is comparatively 
short. 

55 5. A method as claimed in any one of the preced- 
ing Claims, characterized in that a "molecular 
drag" type pump is used as the pump. 
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6. A device for providing a substrate with a sur- 
face layer, comprising a reactor chamber for 
accommodating the substrate, a reservoir for 
accommodating a substance, means for gen- 
erating vapour from the substance, and a gas 5 
line for conducting the vapour from the reser- 
voir to the reactor chamber, characterized in 

that a pump is present in the gas line between 
the reservoir and the reactor chamber for 
pumping the vapour from the reservoir to the io 
reactor chamber. 

7. A device as claimed in Claim 6, characterized 
in that it is further provided with means for 
keeping the vapour in the gas line immediately 75 
in front of the pump at a defined pressure and 

with equipment for having the pump operate 
with a constant pumping rate. 

8. A device as claimed in Claim 7, characterized 20 
in that the means for keeping the vapour at the 
defined pressure comprise a control unit which 

is connected to a pressure sensor present in 
the gas line immediately in front of the pump, 
which control unit closes a valve in the gas line 25 
in front of the pressure sensor when the pres- 
sure sensor measures a pressure higher than a 
desired value, and opens the said valve when 
the pressure sensor measures a pressure low- 
er than the desired value. 30 

9. A device as claimed in Claim 6, 7 or 8, char- 
acterized in that the pump is placed so close 
to the reactor chamber that the gas line to be 
heated is comparatively short. 35 

10. A device as claimed in Claim 6, 7, 8 or 9, 
characterized in that the pump is a "molecular 
drag" type pump. 
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